The rate of bactericidal activity and inactivation of metronidazole was studied in time-kill curves with Haemophilus vaginalis (Corynebacterium vaginale). The miniimum inhibitory concentrations of metronidazole for the eight strains tested ranged from 4 to 16 ,ug/ml. At a concentration of 20 ,ug/ml, metronidazole demonstrated a slow cidal effect against exponential-phase organisms, requiring 24 to 48 h for completion. Inactivation of metronidazole during the time-kill curve was quite variable and averaged 28% of the starting concentration after 48 h. Against stationary-phase organisms (inoculum, 1010 to 1011 colony-forming units per ml), a slow cidal effect was also seen, with an average inactivation of metronidazole of 38% after 48 h. At a subinhibitory concentration of 5 ,ig/ml, metronidazole was inactivated to the greatest degree (57% after 48 h). Therefore, in contrast to earlier studies in which metronidazole was rapidly and consistently cidal within 4 h against obligate anaerobes and was almost completely inactivated by 8 h, the bactericidal effect of metronidazole against H. vaginalis in this study was much slower and was associated with a variable and slower rate of inactivation.
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The antibacterial activity of metronidazole against many obligate anaerobes, including Bacteroides fragilis, is well established, but only recently has there been in vitro and in vivo evidence of activity against strains of Haemophilus vaginalis (Corynebacterium vaginale), a facultative anaerobe (1, 7, 9, 12) .
The pattern of bactericidal action of metronidazole against susceptible obligate anaerobes has been examined and shown to be rapid and consistently cidal (10, 13, 14) . Moreover, metronidazole is inactivated, as determined by a reduction in its concentration in the medium, as it exerts its cidal effect (10, 13 MICs. The minimum inhibitory concentrations (MICs) were determined by a broth dilution technique, previously described, with peptone-starch-dextrose (PSD) medium consisting of proteose peptone no. 3 (Difco Laboratories, Detroit, Mich.), 1% soluble starch, 0.1% Na2HPO4, 0.1% NaH2PO4.H20, and 0.2% dextrose adjusted to a final pH of 6.8 (3, 9 ). An inoculum of approximately 10i organisms per ml was used, and MICs were read after 48 h of anaerobic incubation in an anaerobic glove box (Coy Manufacturing, Ann Arbor, Mich.), the gas mixture consisting of 85% N2, 10% H2, and 5% CO2 at 37°C.
Antimicrobial drug. Standard give a final concentration of either 5 or 20 tig/ml, depending upon the experiment. Control tubes were identical to the test tubes except they did not contain metronidazole. Metronidazole solutions of 2.5, 5, 10, and 20Oug/ml were prepared in PSD broth as standards for the bioassay and incubated within the anaerobic glove box during the time-kill experiments. During the time-kill curve study, 0.1-nil samples were removed at 0, 4, 8, 24, and 48 h, and the number of organisms in the samples was determined by colony counting procedures on agar consisting of 3.9% Columbia agar base (Difco), 0.5% myosate (BBL Microbiology Systems, Cockeysville, Md.), 0.1% proteose peptone no. 3 (Difco), and 5% human blood. At the above sampling times, 1-ml portions of the broth were also removed and stored at -70°C before the determination of the metronidazole content by bioassay.
Metronidazole concentrations. The metronidazole concentration was determined by a bioassay technique previously described (11) . To eliminate the effect of any viable organisms in the aliquot during the assay, the sample was either (i) filtered through a 0. The pattern of killing for all strains during the sampling interval 0 to 8 h is represented by one curve and showed a gradual decline in counts from approximnately 107 to 106 CFU/ml with the range shown by the vertical bars.
After 8 h, the time-kill curves for six of the strains were quite similar and are represented by one curve in which counts decreased progressively to approximately 104 CFU/ml at 24 h and to less than 102 CFU/ml at 48 h. In contrast, the counts for strain V-44 were consistently less than 102 at 24 h, whereas for strain V-38, metronidazole demonstrated mainly a bacteriostatic effect and approximately 10' CFU/ml were still present at 48 h.
The degree of inactivation of metronidazole in the culture medium after 48 h during the preceding time-kill curves is presented in Table 2 (ii) Exponential growth phase. Time-kill curves (not shown) after the addition of 5 ,ug of metronidazole per ml (which was predictably subinhibitory for most strains; inoculum, 5 x 1O to 5 x 107 CFU/ml) demonstrated no apparent inhibitory effect against seven of the eight strains, and colony counts of approximately 1010 to 1011 (similar to controls) were present after 48 h of incubation. Against the remaining strain (ATCC 14018), however, 5 ,ug of metronidazole per ml had a partial inhibitory effect, and the colony count after 48 h was only 108 CFU/ml. The apparent discrepancy between the MICs for strains V-23 and ATCC 14018 shown in Table 1 (4 ug/ml) and the lack of complete inhibition against these strains that would be predicted is likely attributed to the slightly larger inoculum that was used in the time-kill curve experiment compared to that used for the MIC determinations. The MIC of metronidazole for H. vaginalis strains has been shown to be inoculum dependent (9) .
The degree of inactivation of 5 ,ug of metronidazole per ml after 48 h by the eight H. vaginalis strains varied between 38 and 75%, with a mean of 57%. This was about twice that seen with 20 ,ug/ml at the same starting inoculum, in which a cidal effect was seen. A greater degree of inactivation was therefore associated with a larger number of viable organisms present in the medium during the experiment.
(iii) Stationary growth phase. The average time-kill and control curves (no metronidazole added), with ranges shown by vertical bars, for the experiment (with 20 ug of metronidazole per ml and an inoculum of 1010 to 1011 CFU/ml) are shown in Fig. 2 . It is noteworthy that after 48 h, the average counts in the control fell by approximately 3 logs. H. vaginalis is very susceptible to the effects of an acidic medium (produced by acetic acid generated by the organism) and is killed after 48 to 72 h in the same medium (2) . This would explain the fall in counts in the control tubes. Metronidazole, at 20 ,Lg/ml, demonstrated a cidal effect against all strains (compared with controls), although viable counts ranging from 104 to 107 CFU/ml still remained at 48 h. The degree of inactivation of metronidazole during this experiment varied between 16 and 61% with an average of 38%, which was greater than that seen previously at the smaller starting inoculum of 5 x 106 to 5 X 107 CFU/ml ( (10, 13) to exponential-or stationary-phase cultures. Also, the inactivation of metronidazole in the medium paralleled its cidal activity, and by 8 h the concentration of metronidazole was usually less than 10% of the original concentration, when large inocula of anaerobes in the stationary growth phase were used (10) .
In the present study, metronidazole at a concentration of 20 Ag/ml demonstrated a bactericidal effect against seven of the eight H. vaginalis strains. However, in contrast to the preceding pattern of activity against B. fragilis, the cidal effect against strains of H. vaginalis was slower (requiring 24 to 48 h for completion), and metronidazole was also inactivated more slowly and to a smaller extent. Moreover, the degree of inactivation by the same strain and among strains in different experiments was quite variable, although it appeared to correlate with the number of organisms present in the medium, occurring maximally with the large stationaryphase inoculum and with subinhibitory concentrations of metronidazole (5 ,ug/ml). It is interesting to note that the effect of metronidazole against H. vaginalis also differed from that seen in an earlier study with certain other facultative anaerobes such as Escherichia coli, Proteus morganii, and Streptococcus faecalis; metronidazole had no significant cidal effect against these organisms but was usually almost completely inactivated by them after 24 h of incubation (10) . Despite the relatively slow bactericidal action of metronidazole against H. vaginalis demonstrated in this study, the drug appears very effective clinically in nonspecific vaginitis associated with this organism (1, 7). Additional work is therefore necessary to further define the intracellular fate of metronidazole and its effects in obligate and facultative anaerobic organisms, particularly H. vaginalis.
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